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a7 sugu2t 1963 30 yeare nad passed sinve tre tic of tie Sub- 
Cota Ca tus classic work oy Sornal and Fowler on tac theory or 
Sou and aonic sulutions /17. Tis was the ovginning of iho cone 
wtporary stege oa investigation of the structure of tuese Liguidse 
nN cuommoction with the stated cate it is appropriate to excuine, 
BiwMag ePserily, the conteuporary state or the provlon concesPrangs 
to .chracbare of itey. 
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The most important résalt in the work by Sernal und #ovler 
Lies an ths osatablisiuont of the tetrancdral nature of the stwacture 
sf ovater, wernal and rowlor turned their attention to the rollowe 
ary suyortant ete aise vonnectca vith the magni sude Ox Silo 
wviitaty cL watere Knowing the dista ‘yee between cho nearest mcle- 
GuLgl af The structure OF 266 (O.76 an ib caa tu assumed that the 
clscutive radius of 28 wolecule of water is 1.4 a af Water yuse 
scotga the structure or the uensest packing, then at chat oe 
scx 2 molecule the density of water would coinpriss 1.54 e/er 


ec. obtaining a density wuich is close to 1,00 g/em’ is is necossary 


to assunuc that either with a structurs which corres ponus to tre 
BIBS packing thore is a considerable increase in the effective 
radius of a wwtecule of water (up to a value of 1.72 #%), or the 
valuu ive radius of 2 molecule of water auring the .ueltin, of ice 
chiiugus livele, but the structure of water dirfers considerably 
Gro: 2c densest and is opene Bernal and srowler acceptod that the 
vafcutive radius of @ moleculo of water comprisos 1.4 &, and they 
esloulated what would be the curvo or scattering if the structure 

us “ator corresponded to a somewhat disordered denses® packing « 

to tie structure of the type ice - tridymito and of the Guartz trp, 


aw Curparison of caleoulated curves wath the then available 
or evinental curves of scattering of Xerpays by water showed that 
curves, Similar at all to experimentel, are obtained only in the 
aysutnecis of the tetrancdral nature of the structure or water, 
wusrol and wowler came to the conclusion that efcen molecule oF 
valcp in water is surrounded on the Average based on a tetrihsearon 
vy four other molecules. The proportses ov water widen muxe st so 
aifvtcrent from other liquids, according to vernar and fowlur, are 
conuitionod by the peculiarities of a tetrehodral structure, in 
-urticular its openness, and not by the occurrence cr ony rssneistes 
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a ene rent 


Of uawoleculos in water. Theso ccenclusions of wernal and “ove. 
vere fully confirmed by subscoucnt investigations on tne stractire 
ol waitere 


already in 1934 a papes vy Kateolf appesrod /E7 in wideh, 

vascd on data of the scattering or “-ravs by water, 2 caloulstion 
was ioe of the curve of radial distrivution of lta alee we. ; 
eo arse manimun of tae carves is located avcruminately at %.3 4, 
nan voures zonds to an effective ridius of a noleoulé OL BS POA] 
auutcly 1.44 4, and the second = at 2.5 oe The area unucr the 
eiPvet ae aaliet is close to fcur units. Thus she tetraucaral 
cooxrgination of molecules in wate: is confirmed. 


tac most complete X-ray investigstion of water was caryvica 
Cu SY morgan and Werren /3/, who dotoimincd tie scattering of 
AXerays by water at Live tempuratures: 1.45, 15, 30, 62, «nu udu. 
Tuc area under tre Cirst maximum of curves of distribution, and 
also abacissac of the first and second -Mxiamun, indicat. that is 
structure os water (in the sense of leeal order) is similar to the 
structure of ice 1e Tho position ns the farst maximum ce the cui 
of radial distribution changes from 2.90 R at 1.5° to 3.05 X at 
US"G,. Average coordination number of molecules agcording to tuo 
Zeta of sarren and worgan chanjos from 4.4 at 1.5°C to t.5 °t O34. 
Tae results of sorgan and warren were later checkod and +32 ica an 
works by brady and Romanow £3/, and also vanford and Levy Loh 
These snowed the inaccuracy in the vorks of van ranthaleon yen welt 
and associates /G7. These ruthors camo to an incorrect conclusion 
that local order in water corresponds to a Simple cubic structure. 
Thus, at the present time tho tetrahedral nature of local ordur or 
wolocules in water is a reliably establisucd Lact. 


dluwhVoeu, WATE. Gisvers srom other Liquius nowt only wor abs 
Open tetrancdral structure, but also by the fect that the Ler 
order af distribution of molecules which is inhorent to watu, is 
exprosned in it considerably stronger than the local ordor ce uis- 
trivuviuon of particlos in obher liquids. in particular this stuteoe 
want is based on the investiyation Os the peculiurities os “ater 

as 9 solvent. Gertain ions in aqueous solutsons have an inherent 
ney .tive hydration Li-W7. This phenomenon amounts to the vact that 
an the vicinity of ious molecules of water become more movily thon 
an Pure waters tho potential barrier waich & molecule ca wotur 
iac to evercomo in order bo cseape frou the noar surrounding, 2.2 
aon turns out to be loss than the energy of activation or er aes 
fusion of moleculuvs in water. Troe stated potential barrier grows 
wath an incrdase of the interaction of the ion with the newrost 
“9 leculus of water (positive contribuilen) and decreases in connce- 
tion with a disruption of the ionle structure of wates (neystlve 
sonirtbution). Negative hydration also tales place when negtha 'e 
contribution ig not compensatod by positive. It is olvar that tho 
more weakly oxpressed the mutual orderliness of moluculos ol a sclu- 
tion, then the less will be the role of negative contribusicn, anu 
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igPtive cuavation way nov take place at all. -=cetudang ** Tae urta 
va Ue ae SuMestev {107 in such liquids as, for example, methane), and 
eticuol ncgutive sulvation is uot obseuved. 


way GOoMmMcocted with, Lee cisruption of the autuel orces dines 
Vi av beBudes: Oy. 2aGer in siueuus sulucions 3 UNS Pueroigion, cue 
eecuccmcur certain conditions, of SOnKsing (anereoue of uvare tio, 
vs fiw endecu dun under the duviuence of the calting, vat aleut {21/7 
aw’ TSA GQuvcus Solutions & currecvonainy, obs omonon is ausent Gucorde 


uw 


an, 25 dite of i. Pe mishehoutto /12, 157. 

Lt 22 reecssary to neve: that. in -sten 4 comparison thors: a6 
Sete Peseta OL SAO Peyele oe? Lees) Deaey-On Eiolesdies Weed 
waar nt NOH RGus Cus solvents at the sane teuperaturc, 2or exanvle, 
Si ur Gie ES tap dcoyree of orderliness ia Ma teas G4 GC pers Sr 

vate. other Lieuids, as pointed out by aie .. aauaylov LLY ana 
ee wis nehenke ‘Agz, nay ve connected with the fact "chet the 
ees polis whieh cusrecponu te the epeheiay wey non2aduvous 
eclvento Are considerably lower than the molting point os sce 

(tiny temporatur c¢ at which the comparison is ae exvvcds uy vone 
ea duPaulry more the temporature of melting, of suliu bodies, voie 
pos ponuarys to the nonaqueous sulvents, than the weltin, ,oant ov ‘ 
aCUJe 


a Significant step in the inves tigation of the structure of 
vate, tng the coneept, pub forth in 1346, of the oocupstaun oe: cli 
vein of the tetveneural structure Li. Accordin, te this ecncepi, 
Leell order, waiach is inncorent to wator, wiy be cheractevaced as 
wiactased vy the tucrmal wovenont o1 molseules wivh one structure cr 
dec 1, wcre the voids (cavitios), of this ofen structure are pare 
sandiy @illed by solecules of water. The concert of the occupttion 
of tne free Spaces is based, on the ona nanu, cn the resules os 
wergan ang VWerreny wiuo Suowea that the local oruer of water core 
resyonas to the structuro or lee i, and the AV eneee ccordaunaticn 
Yuawei vi tie molocules incroases trom 414.4 1t 1.0% (coordanctiaon 


Muiwwer Of wtolucules af ice ecuals four) up to 4.9 at B35 -Ge. wr tHe 
rohea Uand, dt a5 based on the fact that arom & nunwcr of axputa. one 
PO) geste AVISeGg. bt, aioe Spectrun, cuts) there af Su ahesictee, 
alcn, vwabhn a2 rise in temperature, in the chare cf vroken Lyurosen 


wD 
‘yords in the watexe ! 


Thus, in water, watu an increase of tompeanttusce an tee gate ones 
Ye Leeal order Currys ponuang to the structuro of ice eee Mad POMS Ror eee 
cormGination nuuwer of molvcusos anereasus, and at the sare bluse 
tricae 25 ay increase in the nuuber of ura on nydruyen Lvonus. ‘fo ac 
Leads to the concent of the vecupation of asarve spuccs in the struce 
ture of lee by moleculos os water, and the Gractiun of oocupscu 
are’ spaces anererses wits an increase of tomwpernture. an setuality 
 . wolucule of water wiulich eaters the cavaly os tho ceuructure fturnc 
Ou to be from molcenles whieh are rraming the cavity at ao uistanco 
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anette mee 


een ce renmeeeranageanenncen et 


ciose to the dletance Letwocn the nearest neipibors an water. voile 
en eee the occupation of the cuvity leads to an iners ee an 
th AV OPA BY cuvordination nuuber 7] AOWEVOL', sueryetserliy this 
velgeile 45 nob oqiivalont to moleGulos found in posations CL uta 
2 urdun Ca Structure, and tho vroken aydregen bonus de not res ona 
to at, Therevore, viwrgetically toe quaternary cocrdination in 
wntes 2p roAalagca only cartislly, and the @ver@ye cuordinition Muu 


OST De Bera (in & peometric corse) is Grester thau on ics, and 


sucPeases witn an increase of vemperaturee 
Zhe cuncept of occupation of cavitics of 2 tetrahnedrel steuce 

tues nidhos 2t possible to unaervstand tue anomalous sropertdes os 
“ater ang, "alinly, the ineresse in density during the meloing os 

accy ad a1s0 the existence of & maxinwa of density. Ge ious 
ca the meeranism of self-diffusion in wates 2150 becomes undeustond~ 
able: ‘tue, are connected with uow yreat is the robe of tus tranc- 
lational motion of molecules tivough cavities in the structurc. 
ver 


ssotod with the occupetion ca the cavities of a structure is tnrc 
enomenon of stabilization of the strcture of wéetor sy c1olecules 
2 certacn nono lectrolytos. luwolecules of the stabilizin,, admixture 
onter tue vacancies of the structure and iinder the translational 
motion of the nolecules of water. Correspondingly there a8 a 
cwerinm; of "structural tomporature" of water (term iubrounced ur 
wernal and owlor); water becomes swre ordercd fié/. 


te Ge 2 asics and VY. Ke ’rokhoronxo Le detoctcd theat.<. vss 
slags Level of Fluctuations of cooruination nuubes is inhesout te 
VAT Ole aoving an mand fie con, paratively stronyly exiretrlcd susucl 
orusrliness an tie disposition of nolecules in WATS, tabe 2hGu 
saeculd be connected with the translational moLion of molecules trrougn 
eeVabtacs or Lhe structure; an inercase of coordination nucber ray co 
roalized wituout breakin, the "Lramework" of the structure of wateos. 
aw 263ynwtry of Pluctuataons of the coordination Nuswver os .: este 
av c"aATeY 2s connected with this carcunstancoe at wos roverlou rie 
Kouat cgnovater tuere as a oreduncnanco in sluctuatisons cf 60014. eee 
Mules Gn the direction of an cneraase in at, wilas an liquaus itn 


vos 


wcncer structures (argon, mercury) - it as an tac usrectioa os 2 
ut Gul sve 


im 


Tus deuvlosstructiral model, advanced by wall in lade /Ts? 


-— Ob be ee 
Cau Aloe oe connected with the concent os the ovculetion ey tite 
eovitsces in the staucture cw wats. -Ccurdimg, $O sac cde’, 41 


watos there oxists trro seructures e- On open tote urel 
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ca acc (nd @ uenyoD Stmicturte sae ome ney ca hae sou muy wuts 
structure Ga be connected wil. the ontry ca n.Oleculus atta hou 
eevatasa of tho tetraheural structure of scue nc fie bees oe Ye 
Gow enctriotural model iall places thie concont that snot eeulce ove 
“esa an “ator are distributed botwoer tvo cunditions. Vals usne 
wi,u Kies at vossible to valeulato tho theawodynamic caupoitate “s 


mata [37 it a6 truce tant the ay preach used: in. the work os 


os wthy and Seheraya [P17 is move extensive. in au the uictrivation 
ey o1eculws os water betvoon five states is exawancd corres ond-= 

on a: Jor the numoer of broken avdrogen boras (fra: 0 to 4). at is 
nus ocaPy to note that tne very iiousl of vemethy end scour % 

uarely corresponds to the structural pecullaritios cf wetor wand, 


gosavontly, a8 not conflirmcd uy nerays 


saulang C22 proposed a model for the structure ov watow wen 


Whe WAU on tao structyra of ayurrtes of phees, motnane Poo cnanple. 
Feed "uaOMD, tuese ayurrtos are clatnrate eonoundes the wwlcoules 
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tutraiedral nature of the structure of wator is a ro licbly 


oot ye 
Jiguod saer. such a nature os structure is conneotuu “it. tis 
: composation of a molccule of water. 
©. Local order in the aistribuitlon of molecules is weortecta 
muro strongly ain wates tian tho local crdor in the aistolusvulwn ca 


partacles in other liquids. 
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